








Figure 1. Bacterial community similarity and differentiation illustrated by correlated relative
abundance distributions (scatter plot matrix) and constrained PCoA (inset). The diagonal panels
are QQ-plots comparing the average relative abundance distribution for each sample type against
a lognormal. Pairwise scatter plots of mean log; relative abundance show a dashed line along
the 1:1 expectation for identical communities. The inset (upper right) illustrates PCoA scores by
sample from a constrained ordination of Morisita-Horn dissimilarities against sample type,
conditioned on transect. Sample type was a significant explanatory factor (permutation test P-
values <0.001 for permutational anova or PCoA).
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Correspondence Analysis

Principal Components Analysis
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Figure 2. Diffuse symbiotic community representations among salamanders illustrated with
unconstrained coordinate analysis.
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Figure 3. Symbiotic community similarity among salamanders declines over short geographic
distance. Mean Morisita-Horn overlap and standard errors are shown. Other similarity metrics
gave concordant results.
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Figure 4. Diffuse relationships between salamanders and symbionts exemplified by many-to-
many connections between three salamander species and 13 genetic variants of the bacterial
OTU 247980 (an unnamed clade in Sinobacteraceae). Lines connecting bacterial genotypes to

individual salamanders have width proportional to the log. of their abundance on that individual.
Line color corresponds to salamander species.

28



Table 1. Geographic distance is the only supported predictor of symbiotic community similarity

AAIC, Coefficients:
Model Rand. P-value Intercept  Distance = Community  Transect Clade Elevation
5 8.061 0.0207 0.000 -0.080 0.119 -0.071 0.066 0.016
4 5.614 0.0113 0.000 -0.089 0.117 -0.056 0.067
3 3.524 0.0128 0.000 -0.093 0.117 -0.044
2.1 2.014 0.0006 0.000 -0.091 -0.055
2.2 1.303 0.0141 0.000 -0.123 0.120
1.1 0.047 0.0743 0.000 0.126
1.2 0.000 0.0002 0.000 -0.128

Multiple regression on matrices (MRM) results are compared for models including up to five
explanatory variables. All variables were scaled to unit variance so that coefficients would be on
the same scale. The response variable was the matrix of pairwise Horn overlap between
salamander associated community samples. Distance is the geographic distance between
salamanders. Community is the matrix of pairwise Horn overlap between community samples
from each salamander’s cover object. Transect is an indicator (0 same, 1 different). Clade is an
ordinal phylogenetic distance between salamanders (0 same species, 1 between species within
Plethodon, 2 between Plethodon and Desmognathus). Elevation is the difference in elevation
between samples.
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Table 2. Analysis of genetic differentiation within select OTUs

5 most abundant on salamanders
7772: y-proteobacteria: Sinobacteraceae: Nevskia ramosa

94102: y-proteobacteria: Sinobacteraceae:
Hydrocarboniphaga effusa

277971: y-proteobacteria: Sinobacteraceae: unnamed
280477: Acidobacteria: Koribacteraceae: Candidatus
Koribacter sp.

33919: B-proteobacteria: Burkholderaceae: Burkholderia
sp.

5 best indicator OTUs

292646: y-proteobacteria: Pseudomonadaceae:
Pseudomonas pachastrellae
247980: y-proteobacteria: Sinobacteraceae: unnamed

576918: y-proteobacteria: Chromatiaceae: Rheinheimera sp.

236202: y-proteobacteria: Moraxellaceae: Acinetobacter
Jjohnsonii

400315: y-proteobacteria: Pseudomonadaceae:
Pseudomonas sp.

Janthinobacterium (f3-proteobacteria: Oxalobacteraceae)
225949 (sister to J. lividum 559256)
278562 (sister to Janthinobacterium sp. Marseilles 235428)

5 random OTUs

18609: a-proteobacteria: Hyphomonadaceae: unnamed
139162: B-proteobacteria: incertae sedis: Thiomonas sp.
141085: a-proteobacteria: Acetobacteracaea: unnamed

2948: Chlamydiae: Chlamydiacaea: Chlamydophila
pneumoniae
202648: Chloroplast (probably green alga)

Indicator value

Genetic differentiation

% Prevalence % abundance Association Salamander v. cover Salamander species

sal cov sal cov Rho P R2 P.pair B P.mrm
100.00 100.00 18.95 8.68 0.464 - 0.174 <0.0001 -0.0126 0.180
100.00 92.73 2.68 0.65 0.574 -t 0.107 <0.0001 -0.0056 0.622
100.00 100.00 2.02 1.95 0.212 _ 0.172 <0.0001 -0.0312 0.117¢
98.21 85.45 1.68 0.79 0.672 0.001 0.092 <0.0001 0.0000 0.998°
100.00 100.00 1.57 1.28 0.310 -t 0.131 <0.0001 0.0290 0.173
80.36 27.27 0.12 0.03 0.732 0.001 0.038 <0.0001 0.0304 0.205
98.21 76.36 0.50 0.22 0.731 0.001 0.060 <0.0001 0.0080 0.718
82.14 30.91 0.14 0.03 0.711 0.001 0.036 0.2018 -0.0012 0.948
75.00 23.64 0.12 0.02 0.704 0.001 0.069 0.0003 -0.0293 0.193
87.50 52.73 0.18 0.08 0.703 0.001 0.138 <0.0001 0.0064 0.667°
87.50 63.64 0.21 0.15 0.341 0.044 0.079 <0.0001 -0.0326 0.327
85.71 78.18 0.21 0.20 -0.285 ns 0.063 <0.0001 -0.0177 0.419¢
66.07 70.91 0.08 0.11 -0.269 ns 0.018 0.9999 0.1013 0.008°
55.36 63.64 0.06 0.15 -0.126 - 0.055 <0.0001 -0.0129 0.702
83.93 89.09 0.14 0.41 -0.356 - 0.044 <0.0001 -0.0025 0.555
87.50 49.09 0.65 0.07 0.289 ns 0.038 <0.0001 -0.0177 0.615
80.36 70.91 0.14% 0.18% -0.342 = 0.027 <0.0001 -0.0995 0.023¢

* significantly associated with salamanders and rocks ° significantly associated with salamanders and logs © significantly associated with logs ¢ significantly

associated with rocks © significant association between genetic differentiation and distance or transect.
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Appendix B
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Metadata of area of collection (transect), sample ID of microbial community sample from salamanders (ID), salamander species
(description), elevation, latitude, and longitude of collection site, sample ID of environmental microbial community (cover ID), and
Cover object type as a rock or log (cover).

Transect

Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Noland Divide
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong

ID
45
46
30
37
39
28
34
41
25
48
27
59
47
54
60
68
70
49
55
57
72
61
66
53
74

Elevation (ft) Latitude Longitude Cover ID Cover Description

5907 35.56727  -83.48152 33 rock  Plethodon jordani
5907 35.56727  -83.48152 32 rock  Plethodon jordani
5964 35.56725  -83.4815 31 log Plethodon jordani
5964 35.56725  -83.4815 38 rock  Desmognathus ocoee
5664 35.56418  -83.47432 29 log Plethodon jordani
5664 35.56418  -83.47432 40 log Plethodon jordani
5664 35.56418  -83.47432 40 log Desmognathus ocoee
5520 35.56317  -83.4699 42 log Plethodon jordani
5520 35.56418  -83.4699 43 log Desmognathus ocoee
5425 35.56225  -83.46607 26 log Desmognathus ocoee
5425 35.56225  -83.46607 26 log Plethodon jordani
5367 35.55912  -83.4634 44 log Plethodon jordani
5367 35.55912  -83.4634 35 log Plethodon jordani
5209 35.55633  -83.46233 58 log Plethodon jordani
5209 35.55633  -83.46233 69 log Desmognathus ocoee
5149 35.55313  -83.46422 67 log Plethodon jordani
5149 35.55313  -83.46422 71 log Plethodon jordani
2783 35.58623  -83.35855 51 log Plethodon serratus
2783 35.58623  -83.35855 50 log Eurycea wilderae
2870 35.58973  -83.3622 62 log Plethodon jordani
2870 35.58973  -83.3622 52 rock  Desmognathus santeetlah
2961 35.59287  -83.36353 64 log Desmognathus ocoee
2961 35.59287  -83.36353 63 log Plethodon jordani
3094 35.59627  -83.36457 65 log Plethodon jordani
3094 35.59627  -83.36457 73 log Eurycea wilderae
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Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong
Kephart Prong

Mt.
Mt.
Mt.
Mt.

Mt.
Mt.
Mt.
Mt.
Mt.
Mt.
Mt.
Mt.
Mt.
Mt.

Mt.
Mt.

Mt.

Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge
Sterling Ridge

Mt Sterling Gap
Mt Sterling Gap
Mt Sterling Gap
Mt Sterling Gap
Mt Sterling Gap
Mt Sterling Gap

76
88
79
84
87
89
93
80
115
83
112
104
82
81
113
110
100
98
102
119
99
135
111
130
127
122
121
144
126
123
128

3194
3194
3276
3276
3397
3397
3547
3547
5820
5820
5670
5670
5373
5373
5395
5395
5278
5278
5404
5404
5250
5250
5250
5204
5204
3886
3886
3886
3886
3886
3886

35.59937
35.59937
35.60273
35.60273
35.60625
35.60625
35.6097

35.6097

35.70263
35.70263
35.69952
35.69952
35.69678
35.69678
35.69387
35.69387
35.69123
35.69123
35.68887
35.68887
35.68735
35.68735
35.68735
35.68597
35.68597
35.70003
35.70003
35.70003
35.70003
35.70003
35.70003

-83.36613
-83.36613
-83.36752
-83.36752
-83.3674
-83.3674
-83.36885
-83.36885
-83.12197
-83.12197
-83.1244
-83.1244
-83.12617
-83.12617
-83.12835
-83.12835
-83.13178
-83.13178
-83.13537
-83.13537
-83.13895
-83.13895
-83.13895
-83.14305
-83.14305
-83.0974
-83.0974
-83.0974
-83.0974
-83.0974
-83.0974

96
77
85
91
78
90
94
92
107
106
95
105
114
109
116
118
117
97
103
108
101
120
120
131
138
141
120
133
134
136
124

log
log
log
rock
log
log
rock
rock
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log

Plethodon jordani
Desmognathus ocoee
Desmognathus ocoee
Plethodon jordani
Desmognathus quadramaculatus
Plethodon jordani
Plethodon jordani
Desmognathus quadramaculatus
Plethodon jordani
Plethodon jordani
Desmognathus ocoee
Plethodon jordani
Desmognathus ocoee
Plethodon jordani
Plethodon jordani
Desmognathus ocoee
Desmognathus ocoee
Plethodon jordani
Plethodon jordani
Desmognathus, imitator
Desmognathus ocoee
Plethodon jordani
Desmognathus ocoee
Plethodon jordani
Plethodon jordani
Plethodon teyahalee
Plethodon teyahalee
Plethodon teyahalee
Plethodon teyahalee
Plethodon teyahalee
Plethodon teyahalee
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Mt Sterling Gap
Mt Sterling Gap
Mt Sterling Gap

Mt Sterling Gap
Mt Sterling Gap

Mt Sterling Gap

129
132
137

196
195

193

3886
3886
3886

3886
3886

3886

35.70003
35.70003
35.70003

35.70003
35.70003

35.70003

-83.0974
-83.0974
-83.0974

-83.0974
-83.0974

-83.0974

140
140
142

143
197

197

log
log
log
log
log
log

Plethodon teyahalee
Plethodon teyahalee
Plethodon teyahalee

Plethodon teyahalee
Plethodon teyahalee

Plethodon teyahalee

34



Appendix C
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Primers used for the paired-end 16S community sequencing on the Illumina platform using the

bacterial/archaeal primer F515/R806.

Primer

515F
806R
515fbc0
515fbcl
515fbc2
515fbc3
515fbc4
515fbc5
515fbc6
515fbc7
515fbc8
515fbc9
515fbcl0
515fbcll
515fbcl2
515fbcl3
515fbcl4
515fbcls
515fbcl6
515fbcl7
515fbcl8
515fbc19
515fbc20
515fbc21
515fbc22
515fbc23
515fbc24
515fbc25
515fbc26
515fbc27
515fbc28
515fbc29
515fbc30
515fbc31
515fbc32
515fbc33
515fbc34
515fbc35
515fbc36
515fbc37
515fbc38
515fbc39
515fbc40

Sequence

GTGCCAGCMGCCGCGGTAA
GGACTACHVGGGTWTCTAAT
TCCCTTGTCTCCGTGCCAGCMGCCGCGGTAA
ACGAGACTGATTGTGCCAGCMGCCGCGGTAA
GCTGTACGGATTGTGCCAGCMGCCGCGGTAA
ATCACCAGGTGTGTGCCAGCMGCCGCGGTAA
TGGTCAACGATAGTGCCAGCMGCCGCGGTAA
ATCGCACAGTAAGTGCCAGCMGCCGCGGTAA
GTCGTGTAGCCTGTGCCAGCMGCCGCGGTAA
AGCGGAGGTTAGGTGCCAGCMGCCGCGGTAA
ATCCTTTGGTTCGTGCCAGCMGCCGCGGTAA
TACAGCGCATACGTGCCAGCMGCCGCGGTAA
ACCGGTATGTACGTGCCAGCMGCCGCGGTAA
AATTGTGTCGGAGTGCCAGCMGCCGCGGTAA
TGCATACACTGGGTGCCAGCMGCCGCGGTAA
AGTCGAACGAGGGTGCCAGCMGCCGCGGTAA
ACCAGTGACTCAGTGCCAGCMGCCGCGGTAA
GAATACCAAGTCGTGCCAGCMGCCGCGGTAA
GTAGATCGTGTAGTGCCAGCMGCCGCGGTAA
TAACGTGTGTGCGTGCCAGCMGCCGCGGTAA
CATTATGGCGTGGTGCCAGCMGCCGCGGTAA
CCAATACGCCTGGTGCCAGCMGCCGCGGTAA
GATCTGCGATCCGTGCCAGCMGCCGCGGTAA
CAGCTCATCAGCGTGCCAGCMGCCGCGGTAA
CAAACAACAGCTGTGCCAGCMGCCGCGGTAA
GCAACACCATCCGTGCCAGCMGCCGCGGTAA
GCGATATATCGCGTGCCAGCMGCCGCGGTAA
CGAGCAATCCTAGTGCCAGCMGCCGCGGTAA
AGTCGTGCACATGTGCCAGCMGCCGCGGTAA
GTATCTGCGCGTGTGCCAGCMGCCGCGGTAA
CGAGGGAAAGTCGTGCCAGCMGCCGCGGTAA
CAAATTCGGGATGTGCCAGCMGCCGCGGTAA
AGATTGACCAACGTGCCAGCMGCCGCGGTAA
AGTTACGAGCTAGTGCCAGCMGCCGCGGTAA
GCATATGCACTGGTGCCAGCMGCCGCGGTAA
CAACTCCCGTGAGTGCCAGCMGCCGCGGTAA
TTGCGTTAGCAGGTGCCAGCMGCCGCGGTAA
TACGAGCCCTAAGTGCCAGCMGCCGCGGTAA
CACTACGCTAGAGTGCCAGCMGCCGCGGTAA
TGCAGTCCTCGAGTGCCAGCMGCCGCGGTAA
ACCATAGCTCCGGTGCCAGCMGCCGCGGTAA
TCGACATCTCTTGTGCCAGCMGCCGCGGTAA
GAACACTTTGGAGTGCCAGCMGCCGCGGTAA
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515fbc4l
515fbc42
515fbc43
515fbc44
515fbc4s
515fbc46
515fbc47
515fbc48
515fbc49
515fbc50
515fbc51
515fbc52
515fbcs3
515fbc54
515fbcs5
515fbc56
515fbc57
515fbc58
515fbc59
515fbc60
515fbc61
515fbc62
515fbc63
515fbco4
515fbc65
515fbc66
515fbc67
515fbc68
515fbc69
515fbc70
515fbc71
515fbc72
515fbc73
515fbc74
515fbc75
515fbc76
515fbc77
515fbc78
515fbc79
515fbc80
515fbc8l
515fbc82
515fbc83
515fbc84
515fbc85
515fbc86
515fbc87
515fbc88

GAGCCATCTGTAGTGCCAGCMGCCGCGGTAA
TTGGGTACACGTGTGCCAGCMGCCGCGGTAA
AAGGCGCTCCTTGTGCCAGCMGCCGCGGTAA
TAATACGGATCGGTGCCAGCMGCCGCGGTAA
TCGGAATTAGACGTGCCAGCMGCCGCGGTAA
TGTGAATTCGGAGTGCCAGCMGCCGCGGTAA
CATTCGTGGCGTGTGCCAGCMGCCGCGGTAA
TACTACGTGGCCGTGCCAGCMGCCGCGGTAA
GGCCAGTTCCTAGTGCCAGCMGCCGCGGTAA
GATGTTCGCTAGGTGCCAGCMGCCGCGGTAA
CTATCTCCTGTCGTGCCAGCMGCCGCGGTAA
ACTCACAGGAATGTGCCAGCMGCCGCGGTAA
ATGATGAGCCTCGTGCCAGCMGCCGCGGTAA
GTCGACAGAGGAGTGCCAGCMGCCGCGGTAA
TGTCGCAAATAGGTGCCAGCMGCCGCGGTAA
CATCCCTCTACTGTGCCAGCMGCCGCGGTAA
TATACCGCTGCGGTGCCAGCMGCCGCGGTAA
AGTTGAGGCATTGTGCCAGCMGCCGCGGTAA
ACAATAGACACCGTGCCAGCMGCCGCGGTAA
CGGTCAATTGACGTGCCAGCMGCCGCGGTAA
GTGGAGTCTCATGTGCCAGCMGCCGCGGTAA
GCTCGAAGATTCGTGCCAGCMGCCGCGGTAA
AGGCTTACGTGTGTGCCAGCMGCCGCGGTAA
TCTCTACCACTCGTGCCAGCMGCCGCGGTAA
ACTTCCAACTTCGTGCCAGCMGCCGCGGTAA
CTCACCTAGGAAGTGCCAGCMGCCGCGGTAA
GTGTTGTCGTGCGTGCCAGCMGCCGCGGTAA
CCACAGATCGATGTGCCAGCMGCCGCGGTAA
TATCGACACAAGGTGCCAGCMGCCGCGGTAA
GATTCCGGCTCAGTGCCAGCMGCCGCGGTAA
CGTAATTGCCGCGTGCCAGCMGCCGCGGTAA
GGTGACTAGTTCGTGCCAGCMGCCGCGGTAA
ATGGGTTCCGTCGTGCCAGCMGCCGCGGTAA
TAGGCATGCTTGGTGCCAGCMGCCGCGGTAA
AACTAGTTCAGGGTGCCAGCMGCCGCGGTAA
ATTCTGCCGAAGGTGCCAGCMGCCGCGGTAA
AGCATGTCCCGTGTGCCAGCMGCCGCGGTAA
GTACGATATGACGTGCCAGCMGCCGCGGTAA
GTGGTGGTTTCCGTGCCAGCMGCCGCGGTAA
TAGTATGCGCAAGTGCCAGCMGCCGCGGTAA
TGCGCTGAATGTGTGCCAGCMGCCGCGGTAA
ATGGCTGTCAGTGTGCCAGCMGCCGCGGTAA
GTTCTCTTCTCGGTGCCAGCMGCCGCGGTAA
CGTAAGATGCCTGTGCCAGCMGCCGCGGTAA
GCGTTCTAGCTGGTGCCAGCMGCCGCGGTAA
GTTGTTCTGGGAGTGCCAGCMGCCGCGGTAA
GGACTTCCAGCTGTGCCAGCMGCCGCGGTAA
CTCACAACCGTGGTGCCAGCMGCCGCGGTAA
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515fbc89
515fbc90
515fbcIl
515fbc92
515fbc93
515fbc94
515fbc95
515fbc96
515fbc97
515fbc98
515fbc99
515fbc100
515fbc101
515fbc102
515fbc103
515fbc104
515fbc105
515fbc106
515fbc107
515fbc108
515fbc109
515fbcl10
515fbclll
515fbcl12
515fbcl13
515fbcl14
515fbcl15
515fbcll6
515fbcl17

CTGCTATTCCTCGTGCCAGCMGCCGCGGTAA
ATGTCACCGCTGGTGCCAGCMGCCGCGGTAA
TGTAACGCCGATGTGCCAGCMGCCGCGGTAA
AGCAGAACATCTGTGCCAGCMGCCGCGGTAA
TGGAGTAGGTGGGTGCCAGCMGCCGCGGTAA
TTGGCTCTATTCGTGCCAGCMGCCGCGGTAA
GATCCCACGTACGTGCCAGCMGCCGCGGTAA
TACCGCTTCTTCGTGCCAGCMGCCGCGGTAA
TGTGCGATAACAGTGCCAGCMGCCGCGGTAA
GATTATCGACGAGTGCCAGCMGCCGCGGTAA
GCCTAGCCCAATGTGCCAGCMGCCGCGGTAA
GATGTATGTGGTGTGCCAGCMGCCGCGGTAA
ACTCCTTGTGTTGTGCCAGCMGCCGCGGTAA
GTCACGGACATTGTGCCAGCMGCCGCGGTAA
GCGAGCGAAGTAGTGCCAGCMGCCGCGGTAA
ATCTACCGAAGCGTGCCAGCMGCCGCGGTAA
ACTTGGTGTAAGGTGCCAGCMGCCGCGGTAA
TCTTGGAGGTCAGTGCCAGCMGCCGCGGTAA
TCACCTCCTTGTGTGCCAGCMGCCGCGGTAA
GCACACCTGATAGTGCCAGCMGCCGCGGTAA
GCGACAATTACAGTGCCAGCMGCCGCGGTAA
TCATGCTCCATTGTGCCAGCMGCCGCGGTAA
AGCTGTCAAGCTGTGCCAGCMGCCGCGGTAA
GAGAGCAACAGAGTGCCAGCMGCCGCGGTAA
TACTCGGGAACTGTGCCAGCMGCCGCGGTAA
CGTGCTTAGGCTGTGCCAGCMGCCGCGGTAA
TACCGAAGGTATGTGCCAGCMGCCGCGGTAA
CACTCATCATTCGTGCCAGCMGCCGCGGTAA
GTATTTCGGACGGTGCCAGCMGCCGCGGTAA
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Table D1. Distance-based redundancy analysis (DB-RDA) of the full dataset testing sample type
(salamander, log, or rock) as a predictor of bacterial relative abundance, conditioned on sample

locality. The p-value was obtained from 10,000 permutations. PermANOVA gave concordant

results.
DF  Sum of squares F P p-value
Model 2 2.8177 61.716 0.61211 <0.0001
Residual 112 2.5567

Table D2. Distance-based redundancy analysis (DB-RDA) of the full dataset testing locality as a
predictor of bacterial relative abundance, conditioned on sample type. The p-value was obtained

from 10,000 permutations. PermANOVA gave concordant results.

2

DF  Sum of squares F r p-value
Model 3 0.20959 3.0604 0.06283 0.0028
Residual 112 2.55674

Table D3. Distance-based redundancy analysis (DB-RDA) testing salamander species as a
predictor of bacterial relative abundance, conditioned on sample locality. The p-value was
obtained from 10,000 permutations. PermANOVA gave concordant results. Only samples from

Plethodon jordani, P. teyahalee, and Desmognathus ocoee were included.

DF  Sum of squares F r p-value
Model 1 0.00266 0.1168 0.02569 0.9335
Residual 51 1.16034
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